Polymorphisms in pre-miRNAs may affect its expression, then have effect on its target mRNAs and be associated with cancer susceptibility. In this study, we evaluated the association of an indel polymorphism rs57408770 in pre-miR-3131 with hepatocellular carcinoma (HCC) susceptibility in a Chinese population. The contribution of rs57408770 to HCC risk was investigated in two independent case-control sets (1051 HCC and 1058 controls). Logistic regression analysis showed that the insertion allele of rs57408770 was significantly associated with an increased risk for HCC occurrence in both casecontrol studies. Moreover, the results of genotype-phenotype correlation analysis from both in vivo and in vitro experiments showed that the insertion allele was significantly correlated with higher expression of mature miR-3131 comparing with the deletion allele. The RNA-Binding Protein Immunoprecipitation assay results indicated that rs57408770 could affect the expression level of mature miR-3131 probably through disturbing the binding of splicing factor SRp20 with pre-miR-3131. Furthermore, overexpression of miR-3131 displayed a proliferation promoting and anti-apoptosis effect on HCC cell lines, suggesting that miR-3131 may act as a proto-oncogene in HCC. Finally, human genome-wide gene expression profile assay was used to screen the targets of miR-3131. The overexpressed miR-3131 could lead to a significant decrease of DTHD1 and XAF1 mRNA level. Taken together, our findings provided evidence that rs57408770 may play a functional role in the carcinogenesis of HCC by affecting SRp20 binding with pre-miR-3131 and affecting the expression of mature miR-3131, subsequently affecting the expression of DTHD1 and XAF1, thus confers risk for HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common primary malignancy of liver cancers and the second leading cause of cancer death (1) . More than 70% (up to 50% in China alone) of the new HCC cases occurred in Asia, a region where 75% of the patients with HCC were chronically infected with hepatitis B virus (HBV) (2) . It is now well established that multiple risk factors contribute to hepatocarcinogenesis, including chronic HBV or hepatitis C virus (HCV) infections, cirrhosis, carcinogen exposure (such as aflatoxin B1), excessive alcohol drinking, and numbers of genetic and epigenetic alterations (3, 4) . Although HBV and HCV infections are the major cause of HCC, more and more studies indicated that host genetic factors also play a key role in HCC carcinogenesis. Hence, searching for susceptibility genes is currently under intense investigation.
MicroRNAs (miRNAs) are a class of small ncRNAs, 19-25 nucleotides in length that can regulate gene expression during cellular processes such as cell growth, proliferation, differentiation and apoptosis at transcriptional, post-transcriptional, and/ or translational level (5) . A growing body of evidence has suggested that miRNAs played important roles in cancer development, for they could behave as oncogenes or tumor suppressor genes depending on the function of their target genes. Sequence variations in mature and/or pre-miRNA sequences may affect miRNA biogenesis and be associated with the development of HCC (6) . For instance, miR-155 and its functional variant rs767649 contribute to the susceptibility and survival of HCC (7) . The G>C polymorphism in miR-146a precursor (rs2910164) was associated with the risk for HCC (8) .
As one of the most abundant genetic variations in human genome, small insertions and deletions (Indels) polymorphisms are likely to have a major impact on human biology and diseases (9) . Several lines of evidence have suggested that some indel polymorphisms are involved in etiology of multiple cancers and thus may be a kind of promising marker for exploring the associations of genetic variations and diseases (10, 11) . Prior studies have created a comprehensive collection of indels in pre-miRNA/miRNAs and their target sites in the human genome and analyzed the potential functional impact of these indels (12) . However, as far as we know, there were no genetic association studies aiming at Indels within pre-miRNA/miRNAs till now. Recently, one interesting study reported that the expression of miR-3131 was up-regulated 92-folds in HepG2 cells treated with Ganoderma lucidum polysaccharide, suggesting that miR-3131 may be involved in the proliferation and differentiation of HCC cells (13) . We noticed a 3-bp indel polymorphism (rs57408770) within pre-miR-3131, which may influence miR-3131 expression. In the current case-control study, by using a candidategene-based approach, we evaluated the association between a 3-bp indel polymorphism (rs57408770) within pre-miR-3131 and HCC susceptibility in a Chinese population. Additional experimental and in silico studies were also used to assess the possible functional significance of this polymorphism.
Materials and methods

Study populations
This study included two independent case-control sets, Suzhou casecontrol set and Qidong case-control set. A total of 1051 newly diagnosed patients with HCC and 1058 non-cancer controls were enrolled, among which 647 patients with HCC of the Suzhou case-control set were diagnosed, hospitalized and treated in the affiliated hospital of Soochow University from 2010 to 2013; and the remaining 404 were recruited from Qidong Liver Cancer Research Institute of Jiangsu Province from 2010 to 2013. All patients were newly diagnosed without any medication treatment. The inclusion and exclusion criteria for both cases and controls were the same as described previously (14) (15) (16) . There were 1058 age-and gendermatched controls (643 from Suzhou and 415 from Qidong) recruited from the community nutritional survey conducted in the same regions during the same period as the HCC patients. Peripheral blood was collected from both cases and controls after informed consent was obtained from each participant. All participants were negative for antibodies to HCV, hepatitis D virus or HIV. The demographic data and related risk factors including smoking and drinking status were obtained through a structured questionnaire. The definitions of current, former or non-smokers and heavy, light or non-drinkers were described as before (17) . The cancer tissues and adjacent non-HCC tissues from 72 patients with HCC were collected from the First Affiliated Hospital of Soochow University. After surgical resection, the fresh tissues were immediately stored at −80°C till use. All the 72 HCC cases were newly diagnosed and confirmed by pathologic diagnosis without preoperative chemotherapy or radiotherapy. The research design was approved by the Ethical Committee of Soochow University.
DNA extraction and genotyping
Genomic DNA purification kit (Qiagen) was used for the extraction of genomic DNA from blood samples, cell lines and tissues. DNA fragments containing the indel polymorphism rs57408770 were amplified using genotyping primers (genotyping-F and genotyping-R) listed in Supplementary Table 2 , available at Carcinogenesis Online. Genotyping was conducted as described previously in a double-blinded way (17) . To confirm the genotyping results, 50 randomly selected DNA samples were also genotyped by direct sequencing. Approximately 10% of the total DNA samples were randomly selected for genotyping in duplicate by two independent technicians to confirm a 100% consistency.
Real-time PCR analysis
Total RNA was extracted from tissue samples and cell lines with different genotypes according to the manufacturer's protocol (Cat #74106, Qiagen), and cDNA was reversely transcribed using the Superscript II reverse transcriptase (Cat #18064-014, Invitrogen). Specific cDNA was generated using Bulge-Loop™ RT primers (one RT primer and a pair of qPCR primers for each set) and Bulge-Loop™ miRNA qRT-PCR Starter KIT (Cat #R10039.2, Guangzhou RiboBio Co., Ltd.). Then, SYBR Green real-time PCR (reverse transcriptase-PCR) was performed on Roche Light Cycler 480 system to quantify the relative miR-3131 expression level in these samples. The quantifications were normalized with U6 small nuclear RNA (RNU6B). The primers used in this study for detection of miR-3131 and U6 were Bulge-Loop™ miRNA qRT-PCR primer set provided by the RiboBio Company(Guangzhou RiboBio Co., Ltd.). Primer sequences used for the predicted target genes AFX1, DTHD1, CASP7 and the internal control glyceraldehydes3-phosphate dehydrogenase (GAPDH) were shown in Supplementary Table 1, available at Carcinogenesis Online. The amplification system was described previously (16) . In addition, the melting curve analysis was performed for the PCR products to verify primer specificity. The 2 -ΔΔCT algorithm was applied to calculate the expression levels for different groups.
miR-3131 expression vector construction
The fragment of 366 bp including the insert allele of rs57408770 in premiR-3131(66 bp) was directly synthesized by Genewiz Company (Suzhou, China) and cloned into BamHI and EcoRI sites of pEGFP-N1 (Cat #6085-1, Promega) yielding the wild-type vector (pEGFP-N1-miR3131-WT). The mutant-type vector (pEGFP-N1-miR3131-MT) including the delete allele of rs57408770 was generated using QuikChange Lightening Site-Directed Mutagenesis Kit (Cat #210518, Stratagene). The resulting constructs were verified by direct sequencing. 
Cell culture and transfection of HCC cell lines
RNA-Binding Protein Immunoprecipitation (RIP) assay
The association between SRp20 and pre-miR-3131 CNNC motif recognition was analyzed by RIP assay. Briefly, Sk-Hep-1 and Huh7 were harvested at about 80-90% confluent in 10 cm culture dishes firstly (n = 4).
Re-suspend the cell pellet in an equal pellet volume of complete RIP Lysis Buffer containing protease and RNase inhibitors for 5 min on ice, and the supernatant was collected by centrifugation (14 000 rpm for 10 min at 4°C). Then the magnetic beads were prepared for immunoprecipitation. Wash the magnetic beads protein A/G using RIP Wash Buffer and place it on a magnetic separator (i.e. Millipore Cat. #20-400) and discard the supernatant after bead aggregation. Re-suspend the beads in 100 μl of the RIP Wash Buffer and incubate them with 5 μg antibody of the interest rotation for 30 min at room temperature. The RIP assay was done using Magna RIP™ RNA-Binding Protein Immunoprecipitation Kit (EZ-Magna RIP, Cat. #17-701). Samples include antibodies of SRp20 (Cat #sc-28722, 1:500, Santa Cruz Biotechnology), anti-SNRNP70 (Cat. #CS203216) serving as positive control and Normal Rabbit IgG (Cat. #PP64B) serving as negative control. Wash the magnetic beads times again. After that, remove 100 μl of the complete RIP Lysis Buffer supernatant and add each beads-antibody complex in RIP Immunoprecipitation Buffer, then incubate all the reaction with rotating for 3 h to overnight at 4°C. In addition, remove 10 μl of the supernatant of RIP lysate and label 'input'. Store this input sample at −80°C until starting RNA purification. This represents '10% input' will be used to generate a standard curve or for comparison in RT-PCR methods (real-time or end-point).
After washed with RIP Wash Buffer, the bound RNA was extracted from the beads after RNA purification by using TRIzol and subjected to reverse transcription (RT) followed by real-time PCR. Quantitative (q)PCR analysis primer pairs were listed in Supplementary 
Western blot
Total protein was obtained from tissues or cell lines, and approximately 80 μg of it was separated on a 10% polyacrylamide gel followed by transferring to a polyvinylidene difluoride membrane (Cat #IPVH00010, 0.45 µm, Millipore) and probed with primary antibodies against SRp20 (Cat #sc-28722, 1:800, Santa Cruz Biotechnology), caspase3 (Cat #sc-65496, 1:1000, Santa Cruz Biotechnology), Bcl-2 (Cat #sc-7382, 1:1000, Santa Cruz Biotechnology) and beta-tubulin (Cat #sc-23949, 1:2000, Santa Cruz Biotechnology) and then secondary antibodies (1:1000, Beyotime Biotechnology). Enhanced chemiluminescence system was used to visualize the bands and the intensity of the bands (Cell Signaling Technologies) (18) .
Target prediction and pathway analysis
Target genes of miRNA3131 were predicted by the overlapped data from TargetScan (http://www.targetscan.org/) (19), RNA22 (https://cm.jefferson. edu/rna22/Interactive/) (20) , miRWalk (http://zmf.umm.uni-heidelberg.de/ apps/zmf/mirwalk2/genepub.html) (21) and Miranda prediction software (http://www.microrna.org/microrna/home.do) (22) . Experiment of screening miR-3131 regulation gene through Affymetrix eukaryotic gene expression spectrum was completed by the OE biotech company (Shanghai OE Biotech. Co., Ltd.). The GEO accession numbers was GSE85123.
Flow cytometry and MTT proliferation assay
Cell apoptosis was detected using the PE Annexin V apoptosis kit (BD Biosciences). Briefly, 24 h after transfection, cells were collected and labeled with Annexin V-FITC and 7-aminoactinomycin D (7-AAD) according to the manufacturer's instructions. Flow cytometer (FACS Calibur, Becton-Dickinson) was used to detect apoptosis of the transfected HCC cell lines by determining the relative amount of Annexin V-FITC positive-7-aminoactinomycin D-positive cells. The experiment was repeated at least three times with three replicates for each group. MTT proliferation assay is performed as described in Hu et al. (23) .
Statistical analysis
The genotype distributions in controls were analyzed for Hardy-Weinberg equilibrium using chi-square test. Logistic regression was used to analyze the association between rs57408770 and HCC risk, adjusted by gender, age, smoking, drinking, and HBV infection. The relative expression levels of has-miR-3131 and the predicted target genes in tissue samples among different genotypic groups were compared using non-parametric Mann-Whitney U-test. These statistical analyses were implemented with Statistic Analysis System software (version 8.0, SAS Institute, Cary, NC). P < 0.05 was considered to be statistically significance and all statistical tests were two-sided.
Result
The association of rs57408770 with HCC susceptibility
The baseline characteristics of the subjects in two case-control studies were listed in Table 1 . Age and gender were adequately matched between two groups. There were no statistically significant differences between the cases and control subjects in terms of smoking status and alcohol consumption. Approximately 67% of the cases and 7% of the controls were HBsAg-positive, which was in accordance with the fact that HBV infection was a major risk factor for HCC. We further analyzed the contribution of HBV infection to the association between rs57408770 and risk of HCC. As shown in Supplementary Table 2, available at Carcinogenesis Online, rs57408770 was an independent risk factor for HCC. Exampled output from genotyping assays and sequencing results of rs57408770 polymorphism were shown in Figure 1 . Genotype distributions had no deviation from HardyWeinberg equilibrium in control group (P > 0.05). The genotype distributions of rs57408770 between the cases and controls were shown in Table 2 . In both case-control sets and pooled analysis, compared with the del/del genotype, subjects with the heterozygous del/ins or homozygous ins/ins genotype had a significantly increased risk of HCC under co-dominant model (adjusted OR=1.34 and 1.82; P<0.01, respectively). Similar trends were observed in all the other genetic models (Table 2) . Each additional copy of the 3-bp insertion allele was associated with a 32% increased risk in pooled analysis (OR = 1.32, 95% CI = 1.16-1.51, P < 0.0001). Collectively, these results suggest an association of rs57408770 with susceptibility to HCC.
The correlation between rs57408770 and miR-3131 expression
Next, we further examined the expression of miR-3131 in HCC tissue samples as well as their adjacent non-cancer tissues with different genotypes. As shown in Figure 2A , the expression level of miR-3131 in HCC tissues was 1.75-fold higher than that of the adjacent non-cancer tissues. Furthermore, as illustrated in Figure 2B , and SK-Hep-1 (2.68 ± 0.13) with ins/ins genotype and Hep-G2 (2.00 ± 0.10) with del/ins genotype was significantly higher than that of the average level of Huh7 carrying del/del genotype (1.00 ± 0.09; Figure 2C ). Thus, we observed a similar miR-3131 expression patterns in a genotype-dependent manner in vivo and in vitro. In addition, the fold change of miR-3131 expression levels with ins/ins and del/ins genotype in human tissues was more significant than that in HCC cell lines; it may be due to individual differences in tissues and the influence of tumor microenvironment. Next, we investigated the molecular mechanism underlying the correlation between rs57408770 and miR-3131 expression. Since rs57408770 was located within pre-miR-3131, it may influence the mature miR-3131 expression level. As predicted, we found that the mature miR-3131 expression level of the cells transfected with pEGFP-N1-miR-3131-WT or pEGFP-N1-miR3131-MT was higher than that of cells transfected with control constructs. Furthermore, the mature miR-3131 expression level of the pEGFP-N1-miR3131-WT transfected group was higher than that of the pEGFP-N1-miR3131-MT transfected group in sk-Hep-1 (fold change, 1.36) and Huh7 cell lines (fold change, 1.87) ( Figure 2D ). Taken together, these data indicated that the polymorphism might have effect on mature miR-3131 expression.
The correlation between SRp20 and pre-miR-3131 expression
Growing research studies suggest that single nucleotide polymorphisms (SNPs) in miRNA genes may influence disease susceptibility by altering mature miRNA expression level. Vincent C. Auyeung et al. emphasized the importance of pairing in the stem and revealed three primary-sequence determinants, including a SRp20-binding motif 'CNNC' (N represents any base). Their research indicated that the CNNC motif within a small range of positions could contribute to pre-miRNA recognition (24) . Due to the 'CTT' deletion of rs57408770 is one of several consecutive CTT bases and conform to the sequence of CNNC, in addition, SRp20 is a member of the serine/arginine (SR)-rich family of pre-mRNA splicing factors, then we wondered whether the indel polymorphism have influenced SRp20 on identifying premiR-3131. Firstly, we examined the expression levels of SRp20 protein in four hepatoma cell lines (Huh7, HepG2, Hep3B and SK-Hep-1) and found that it had a relatively high level expression ( Figure 2E ). Then we utilized RIP assay to examine the effect of the polymorphism on the ability of SRp20 to recognize and bind with pre-miR-3131. As predicted, compared with the negative control group, both the wild-type and mutant type of premiR-3131 variants could interact with SRp20 in sk-hep1 and Huh7 cell lines. Furthermore, the affinity ability of pre-miR-3131 with SRp20 in sk-Hep-1 cell line was 2.35-fold higher than that of the Huh7 cell line ( Figure 2F ). Taken together, these data indicated an effect of the polymorphism on the ability of SRp20 to recognize and bind with pre-miR-3131 and then altering mature miR-3131 expression level.
Targets screen of miR-3131
After pEGFP-N1, pEGFP-N1-miR3131-WT and pEGFP-N1-miR3131-MT being transfected in sk-Hep-1 cells for 24h, human genome-wide gene expression profile chip was adopted to screen the differentially expressed genes, which were performed by intersection analysis. The results demonstrated that compared with the empty vector group, there were 1377 up-regulated genes and 3124 down-regulated genes in pEGFP-N1-miR3131-WT group and 1034 up-regulated genes and 995 down-regulated genes in pEGFP-N1-miR3131-MT group. The KEGG pathway analysis was shown in Figure 3A . In order to verify the results of the expression profile chip, target genes screened by expression profile chip and predict database were conducted for intersection. Compared with the empty vector group, the gene expression in both pEGFP-N1-miR3131-WT and pEGFP-N1-miR3131-MT group changed, which supported by the results of software prediction (Supplementary Tables 3 and 4, available at Carcinogenesis Online). Interestingly, we found that the expression of CASP7 in WT and MT group was significantly lower than that in the empty vector group. qRT-PCR was performed to verify the down-regulated target genes DTHD1 and XAF1. The verification of qRT-PCR demonstrated that overexpression of miR-3131 could enable the decreasing of its expression level in hepatoma cell lines sk-Hep-1, as shown in Figure 3B . Moreover, in human HCC tissues, the expression levels of DTHD1 (R 2 = 0.278, P < 0.001) and XAF1 (R 2 = 0.350, P < 0.001) were inversely co-related with the expression of miR-3131, suggesting that DTHD1 and XAF1 may be targets of miR-3131 ( Figure 3D ). Prediction map of the combination between 3'UTR of DTHD1 and XAF1 and the seed region (2 to 8-bp from 5' end of miRs) of miR3131 were list in Fig.  3C . Taking into account that DTHD1 and XAF1 are related to cell apoptosis, we continued to explore the effects of miR-3131 on cell apoptosis.
The effect of miR-3131 on apoptosis and proliferation
To further determine the role of miR-3131 in cell apoptosis, western blot was performed. The results showed that the expression level of caspase3 (an apoptosis-associated key player) was lower in HCC tissue samples ( Figure 4A ) than that in adjacent non-cancer tissues ( Figure 4C) , and the expression level in samples with ins/ins and del/ins genotype was significantly lower than that in samples with del/del genotype. In contrast, the expression level of Bcl-2 (a survival-associated crucial mediator) was higher in HCC tissue samples ( Figure 4B ) than that in adjacent non-cancer tissues ( Figure 4D) , and the expression level in samples with ins/ ins and del/ins genotype was significantly higher than that in samples with del/del genotype. This is in consistent with the experimental results in vitro. Western blot results showed that the expression level of caspase3 was lower in pEGFP-N1-miR-3131-WT or pEGFP-N1-miR-3131-MT transfected group than that in control group ( Figure 4E ). In contrast, the expression level of Bcl-2 was higher in pEGFP-N1-miR-3131-WT or pEGFP-N1-miR3131-MT transfected group than that in control group ( Figure 4F) . Moreover, the results from flow cytometry analysis revealed that the apoptosis rate in pEGFP-N1-miR3131-WT (45.95 ± 1.90%) or pEGFP-N1-miR3131-MT (67.34 ± 1.17%) transfected groups was significantly lower than that in control group (73.10 ± 1.25%, P < 0.01; Figure 4G ). Furthermore, the apoptosis rate in pEGFP-N1-mir3131-WT transfected group was lower than that in pEGFP-N1-miR3131-MT transfected group. Meanwhile, Cell proliferation was analyzed using MTT assay. As shown in Figure 4H , the cells were successfully transfected with the miR-3131 inhibitor and mimics. The up-regulated miR-3131 could significantly increase the cell viability of SK-Hep-1 cells; conversely, the down-regulated miR-3131 could inhibit the cells viability ( Figure 4I ). Therefore, these results indicated that overexpression of miR-3131 may promote proliferation and inhibit apoptosis of HCC in vivo and in vitro.
Discussion
In recent years, more and more studies have indicated that genetic polymorphism of miRNAs is closely related to the occurrence and development of HCC (25) (26) (27) (28) . Studies of genetic polymorphisms related to miRNAs are mainly focused on two areas: one is in miRNAs gene and the other is in the binding region of target genes (29, 30) . In this study, we presented here the first case-control study evaluating the association of a 3-bp indel polymorphism within pre-miR-3131 with risk of HCC and found that the insertion allele had a significantly increased risk of HCC. On the basis of our current findings, we propose that rs57408770 may affect the mature miR-3131 expression level by influencing the binding of splicing factor SRp20 with pre-miR-3131 and then participate in the occurrence of HCC. SRp20 (also called SRSF3) is the smallest member of the highly conserved SR-rich splicing factor family that plays critical roles in many key biological processes, including tumor progression and alternative splicing (AS) (31) . SRp20 is also involved in mRNA polyadenylation, which implicates it in pre-mRNA processing and, more in general, in terminal exon recognition (32) . Recent studies have indicated that the CNNC motif is enriched and preferentially conserved in many bilaterian miRNAs, which can help recruit SRp20 (or its homologs) and then enhance the recognition and processing of pri-miRNA or pre-miRNA. For most miRNAs, there is a specific DNA recognition sequence 'CNNC' in its 3' end, which can be specifically identified by the shear factor SRp20 and be involved in the synthesis and maturation process of miRNAs (24) . The polymorphism rs57408770 is just located in the 3' end of miR-3131. Furthermore, the 'CTT' deletion of rs57408770 is one of the several consecutive CTT bases and conforms to the CNNC-specific recognition sequence. Therefore, we hypothesized that rs57408770 might affect the recognition of SRp20 and CNNC recognition sequence, disturbing its binding with miR-3131 precursor, and then affect the expression of mature miR-3131. Our RIP experiments showed that pre-miR-3131 was able to bind with SRp20 protein, and the binding ability of the insertion allele is stronger than that of the deletion allele, which well supported our hypothesis. Thus, it is possible that rs57408770 can affect the expression level of mature miR-3131 and consequently correlates with the risk to HCC. Polymorphisms in miRNA genes, including primary miRNAs (pri-miRNAs) (33) , precursor miRNAs (pre-miRNAs) (29) and mature miRNAs, have shown effect on the processing of miRNAs as well as the regulatory function on their target genes, thus be involved in the development and prognosis of different cancers (34) (35) (36) (37) (38) (39) . In order to find the target genes of miR-3131, human genome-wide gene expression assay was used to screen the differentially expressed genes in miR-3131 overexpressed hepatoma cell lines. We found that the overexpressed miR-3131 could cause a significant decrease of DTHD1, XAF1, and CASP7 mRNA level. Caspase-7 is a protease involved in apoptosis and inflammation, so interfering with caspase-7 activation may cause excessive cell death and/ or inflammation contributing to disease (40) . Moreover, in human HCC tissues, the expression of DTHD1 and XAF1 was inversely co-related with the expression of miR-3131, suggesting that DTHD1 and XAF1 may be the potential targets of miR-3131. DTHD1 encodes death domain-containing protein 1. One important function of death domain is to participate in homotypic protein-protein interactions in the assembly of oligomeric signaling complexes of apoptosis and inflammation (41) . XAF1 encodes a protein that binds to and counteracts the inhibitory effect of a member of the IAP (inhibitor of apoptosis) protein family. It has been reported that XAF1 was weakly expressed in HCC tissues and HCC cell lines. Adenovirusmediated XAF1 expression (Ad5/F35-XAF1) could significantly inhibit cell proliferation and induce apoptosis in HCC cells in a dose-and time-dependent manner. XAF1 served as a tumor suppressor to inhibit tumor growth by inducing apoptosis and inhibiting tumor angiogenesis (42) . miR-3131 may participate in the occurrence and development of HCC by affecting the expression of DTHD1 and XAF1. Furthermore, flow cytometry, MTT assay and western blot assay all suggested that the overexpressed miR-3131 had a proliferation promoting and antiapoptosis effect on HCC cell lines. Taken together, our findings suggested that miR-3131 might act proliferation promoting and anti-apoptosis effect on HCC by targeting DTHD1 and XAF1 and sever as a proto-oncogene in HCC.
miR-3131 has been barely reported and its function has not been revealed in any literature. It was reported that miR-3131 was up-regulated in six malignant cell lines irradiated with six MeV photons. Monica and colleagues have conducted a highthroughput sequencing of the miRnome of four GC samples and their respective cancer-adjacent tissues and compared them with the miRnome of a gastric antrum sample from a patient without GC. The results showed that the expression level of hsamiR-3131, hsa-miR-664, and hsa-miR-150 were down-regulated in all paired samples of cancer and cancer-adjacent tissues, compared with that in antrum without tumor mucosa. The results suggest that the simultaneous down-regulation of these miRNAs may be a marker of field effect in gastric carcinogenesis (43) . Jie Shen et al. used Ganoderma lucidum polysaccharide (GLPs), a broad spectrum antitumor drug to treat HepG2 cells, to detect the expression profile of miRNAs using the expression profile chip. The results showed that the expression of miR-3131 was up-regulated 92-folds in the GLPs group, which indicated that the GLPs could significantly inhibit the growth of HepG2 cell (13) . GLPs have been commonly supposed to suppress tumor cell proliferation through immune effects, and the up-regulated miR-3131 may be the result of a negative feedback regulation. All of these results suggest that miR-3131 may be involved in the proliferation and differentiation of HCC cells and can be used as a candidate marker for HCC.
Finally, some limitations in this study should be emphasized. Although we observed a strong correlation between rs57408770 and mature miR-3131 expression, as well as the expression of DTHD1 and XAF1, the evidence of the direct interaction between miR-3131 and DTHD1 or XAF1 needs further functional investigations.
In summary, we provided evidence that rs57408770 may play a functional role in the carcinogenesis of HCC by affecting SRp20 recognition of CNNC recognition sequence and binding with miR-3131 precursor and then affect the expression of mature miR-3131 and subsequently its target genes, DTHD1 and XAF1. Our findings indicated that miR-3131 might act as a proto-oncogene in HCC. Therefore, miR-3131 may be a promising marker for personalized diagnosis of HCC.
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